According to importance of demand response programs in smart grids and microgrids, many efforts have been made to change the consumption patterns of the users, and the use of renewable resources has also increased. Significant part of energy consumption belongs to buildings such as residential, commercial, and office buildings. Many buildings are equipping with components that can be used for the participation in demand response programs. The SCADA system plays a key role in this context, which enables the building operator to have control and monitor the consumption and generation. This paper presents a real implementation of an optimization based SCADA system, which employs several controlling and monitoring methods in order to manage the consumption and generation of the building for decision support and participating in demand response events. Since the air conditioning devices are suitable controllable appliances for direct load control demand response, and lighting system as flexible loads for reduction and curtailment, they can play a key role in the scope of demand response programs. In this system, several real controller components manage the consumption of lighting system and air conditioning of the building based on an optimization model. In the case study of the paper, the SCADA system is considered as a player of an aggregation model, which is considered as demand response managing entity, and its performance during demand response events will be surveyed. The obtained results show that with adequate small reduction in the lighting system and air conditioning devices, the electricity customers are able to actively participate in the electricity markets using demand response programs and also for internal efficient use of electricity.
facing electricity price variations (Lujano-Rojas et al. 2017) . In this concept, the end-users tend to participate in such programs in order to reduce their electricity bills by shifting their high consumption appliances to the off-peak hours, or reduce their high consumption loads in peak hours (Hu et al. 2017) . Beside the DR programs, the implementation of Distributed Renewable Energy Resources (DRERs) in demand side, is a key role in smartgrids . This means that the consumers will not only be able to supply the local demand through the onsite generation resources, but also, they can sell energy to the network when there is generation surplus (Abrishambaf et al. 2016) .
Currently, most of the implemented DR programs are driven to the large-scale resources. However, a huge potential of DR participation is available in small-scale resources. This means that small consumers, such as residential or commercial buildings, cannot participate in the DR programs individually (Kwon et al. 2017 ). In order to overcome this issue, several concepts have been proposed. Virtual Power Player (VPP) (Faria et al. 2013) , and Curtailment Service Provider (CSP) (Wang et al. 2017) are two concepts that can overcome the mentioned barrier. The DR aggregation, made by entities such as VPP, CSP, or other type of aggregator is a solution for the participation of large amounts of consumers in DR programs and other electricity market products (Parvania et al. 2013) . These concepts can be defined, as in , as an aggregation network that aggregate small and medium scale consumers and prosumers, namely to participate in the market as one.
In fact, an effective implementation of DR, namely at small consumers and buildings level requires adequate means for the communication, measurement, and validation concerning the actual participation of the consumers in the DR events, for incentive-based DR programs. In this way, the consumer should be able to receive the information regarding the DR events from DR managing entities, and execute them ). Looking at commerce and services buildings, in last decades, Supervisory Control And Data Acquisition (SCADA) system has a key role for monitoring and controlling the centralized management infrastructure (Hasan and Mouftah 2016) . With the support of a SCADA system, lighting system and Air Conditioning (AC) devices can play an important role for participating in DR programs. The lights are considered as flexible loads for reduction and curtailment (Pan and Lee 2016; Faria et al. 2017) , and the ACs can be as thermostatically controllable appliances for Direct Load Control (DLC) DR program (Erdinc et al. 2017) . Therefore, a SCADA model for investigating user behaviors during DR event, and also validating the implementation of DR programs is very relevant to be considered as part of DR business models.
There is a diverse related research developed in this context. In (Wu et al. 2017) , the authors discussed about the energy scheduling challenges in office buildings with the integration of electric vehicles and DRERs. In (Pellegrino et al. 2016 ) a building management system has been designed and implemented in order to monitor and control the lighting system of office spaces. Reference (Jia et al. 2012 ) proposed a simulation-based model regarding the resource scheduling for supplying the electrical load in commercial office buildings. In (Mega et al. 2017) , an experimental evaluation of a fast DR program for small and medium scale office buildings has been presented. In (Kjaergaard et al. 2016) , the authors proposed a system for automated demand response and load control considering the occupant comfort. They also provided a case study in a real office building that allows 3 kW load shedding within comfort limits. Reference (Hao et al. 2017 ) presented a transactive controlling method for Air Conditioning (AC) of commercial buildings in order to be able to participate in DR programs. All of this related research addresses distinct topics related with the automation devices, controllers, and methods that support the efficient energy management in buildings, namely for the participation in DR programs.
Aiming at presenting a complete solution for the study and demonstration of DR potential available in office buildings from lighting and AC, the present paper brings SCADA-based model which employs several controlling and monitoring means in order to manage the consumption and generation of the building for participating in DR events. In the proposed model, the office building is considered as a member of an aggregator and receives DR programs signal s in order to fulfil the aggregator goals. In this way, the proposed and implemented system is able to autonomously provide a response of the building to the DR event according to the user's preferences. The proposed model is developed and demonstrated in the present paper for incentive-based DR programs, with focus on an office building with several lighting and AC devices. However, it can easily be adapted to accommodate price-based DR programs and other types of buildings according to the user's preferences. In this system, several real controller components manage the consumption of lighting system and ACs of the building based on the developed optimization model. Such model allows to test and validate the performance of the developed optimization problem in a realistic model and gain the actual measurement results.
After this introductory section, the implemented SCADA model is presented in Section Implemented SCADA model. Section Optimization algorithm represents the proposed optimization model for the SCADA system based on real data. Section Case study explains a case study for the presented model, and its optimization results concerning optimal consumption reduction are shown on Section Results. Finally, the main conclusions of the work will be presented in Section Conclusions.
Implemented SCADA model
This section presents the implemented SCADA model, by describing the office building plan in sub-section Office building plan and the SCADA installation in sub-section SCADA installation.
Office building plan
The office building in which the SCADA system has been implemented, belongs to GECAD research centre, located in ISEP/IPP, Porto, Portugal. The building consists of a corridor and 9 offices named N101, N102… N109, that each of which contains typical office equipment, such as personal computers, ACs, and lighting systems. One of these 9 offices (N104) is specified for servers of the building; the SCADA system has specific consideration for this office, since it contains several critical equipment. These offices are equipped with Programmable Logic Controllers (PLCs), several energy meters, different types of sensors, and one main web-based touch screen console to monitor data and control the loads. The 9 offices of the building are divided into 3 zones as it can be seen in Fig. 1 . Fig. 1 , the offices N101, N102, and N103 are belong to zone 1, N104 to N106 are dedicated for zone 2, and N107 to N109 are categorized in zone 3. Each zone contains one distributed PLC and one energy meter and a group of sensors.
According to

SCADA installation
The SCADA system contains PLCs, energy meters, sensors, and a main PLC in the building, to which other distributed PLCs are connected. TCP/IP protocol is used in order to exchange information. The implemented controlling panel of SCADA system is shown on Fig. 2 . This SCADA is responsible for monitoring (energy consumption, generation, temperature, humidity, etc.) and controlling of the building. One touch screen console is available in building for monitor and control the data.
All of equipment, including monitoring and controlling devices, are connected to the SCADA system through different communication protocols and Digital/Analog inputs, according to Fig. 3 .
The lighting system of this SCADA has fluorescent lights (19 lights in total), and they are fully controllable via Digital Addressable Lighting Interface (DALI). Each light is shown on the touch screen console (Fig. 2) as a button in order to be controlled. By this way, the proposed SCADA system can control the intensity of each light as well as switch them ON/OFF. These kinds of load controlling enable the SCADA system to perform lighting optimization and participate in DR programs.
Regarding the AC control, there are 10 AC devices available on the building, one in each office and one in corridor. An Arduino® (www.arduino.cc) equipped with an Ethernet Shield and an Infrared Light-Emitting Diode (IR LED) have been programmed and installed near to each AC device. Actually, this controlling scenario emulates the The group of sensors employed in each zone of the SCADA system consist of measuring temperature, humidity, CO2, air quality (Volatile Organic Compounds -VOC), presence sensor, and illumination intensity sensor. All the sensors (temperature, humidity, CO2, air quality, and illumination intensity) are connected to the related PLC in respective zone by 0-10 V Analog Input.
In this SCADA system, there is a PV system with maximum 7.5 KW capacity. The generated power by PV will supply a part of building consumption, and while there is more generation than the consumption, surplus of generation will be injected to the utility grid. The electricity network of the building has three phases, where phase 1 feeds sockets of the building, phase 2 supplies the ACs, and phase 3 feeds the lighting system. There are six energy meters that measures the consumption and generation of the building. All of these energy meters follow serial communication with MODBUS RS485 protocol. Energy meter #1 to #3 measures the consumption of 3 zones and transmit the data to the distributed PLC of each zone, energy meter #4 measures corridor consumption, meter #5 measures the total consumption of the building, and energy meter #6 measures total generation of PV system.
In fact, all of these automation scenarios enable the GECAD office building to have loads reduction and curtailment capabilities in order to participate in real DR case studies and events.
Optimization algorithm
This section details the algorithm of the optimization model for AC and lighting in GECAD building according to SCADA system introduced before. The overall architecture of the presented optimization problem is illustrated in Fig. 4 .
As can be seen in Fig. 4 , the optimization algorithm used in this section is started with definition of input data, including total consumption of the building, consumption of the participating devices in the optimization and total required reduction for the optimization algorithm. After that, algorithm starts with the optimization of ACs, Fig. 4 Flowchart of the proposed optimization algorithm because in this algorithm ACs have priority over the lights to reduce. Then, the algorithm enters to the lights optimization for the remained required reduction if exists. In fact, it depends on the amount of the required reduction of algorithm. If the maximum reduction capacity of ACs is equal or greater than the required reduction, the algorithm will not enter to the lights optimization process, since the ACs reduction will fulfil the algorithm goal. However, if the required reduction is greater than the maximum reduction capacity of ACs, the algorithm first optimizes the ACs as much as possible and then enters to the lights optimization for the remained required reduction. Therefore, the objective function of optimization problem is demonstrated in Eq. (1):
Minimize
In this objective function, the weight of priority of the ACs and lights (W AC , W Light ) are defined by each user for the related devices through a webpage available for the office users. The power reductions are determined by the optimization algorithm according to the weight of each lighting and AC device. Also, it is imposed a maximum contribution of each type of device.
The following constraints are proposed for the presented algorithm. Equation (2) shows the required reduction, which should be decreased from the total consumption of the building. Equation (3) indicates that the required reduction for the lighting system depends on the maximum reduction capacity of ACs and the total required reduction of the system. This means that if the total reduction of the system is equal or smaller than the maximum reduction capacity of ACs, there is no need to reduce the lighting consumption.
Additionally, the maximum reduction capacity of entire ACs and lighting system are represented by Eqs. (4) and (5) respectively. Also, the technical limitations for the maximum reduction of each device are modelled in Eq. (6) for each AC, and Eq. (6) for each light. 
In sum, the mathematical formulations regarding the optimization of consumption in SCADA system have been represented. In the next section, this model will be used for a case study in order to optimally manage the consumption of building.
Case study
In this section, a case study is presented in order to test and validate the proposed system. For this purpose, internal low voltage distribution network of ISEP/IPP university campus in Porto, Portugal, is considered as a network for an aggregator. This university campus microgrid has been adapted from (Silva et al. 2015) , and is shown on Fig. 5 .
This distribution network consists of underground electrical lines with 21 buses, which a MV/LV transformer located in BUS #21 connects the microgrid to the main network. There are 21 buildings in the university campus microgrid indicating with yellow color in Fig. 5 , somehow each of which is connected to one bus of the network. Therefore, each building can be considered as a member of aggregation network. In fact, the implemented SCADA model is actually located in BUS #15 of this aggregator network. Figure 6 demonstrates total consumption and generation of GECAD building, which has been monitored by SCADA system. (BUS#15-GECAD Building).
The profiles shown on Fig. 6 are the real consumption, (including sockets, lights and ACs) and generation data for a typical winter day in 2017, which has been measured by energy meters of SCADA with 1 s time interval and stored in GECAD database with 10 s time interval as input data for the optimization algorithm (average of one hour is considered as one period, therefore, 24 periods for 24 h as shown on Fig. 6 ). The winter day has been chosen for this case study to validate the performance of the optimization algorithm in the periods that the PV generation is low, and the energy supply relies more on the main grid. In this case study, it is considered that the aggregator meets a drop on its generation resources, and therefore, it provides several DR programs to its customers to keep the network balance, and prevent buying energy from the external supplier. The reason of this lack of generation is assumed as a fault or any other cause in the network. It is considered that customers of the aggregation network have established the DR contracts between aggregator due to participate in DR programs. Therefore, it is considered that GECAD building in BUS #15 has established a reduction contract with 3.4 kW reduction capacity from period #9 to #19. In this case, it is considered that while the aggregator faced with the lack of generation, it informs GECAD building to reduce 3.4 kW during period #9 to #19. This means, the amount of contracted reduction (3.4 kW) will be the input (total required reduction) of SCADA optimization algorithm.
Results
This section illustrates the results of optimization problem proposed in this paper. This algorithm has been solved via "lpsolveAPI" tools of RStudio (www.rstudio.com). As the first result, Fig. 7 demonstrates the optimal consumption reduction of GECAD building, which is the result of optimization problem.
As you can see in Fig. 7 , SCADA optimization process is started from period #9 and is finished on #19. In these periods, as it mentioned before, the total required reduction of system is set on 3.4 kW, in order to reduce the consumption based on the priorities of devices available on SCADA. By this way, the system first starts to optimize the consumption of ACs (low priorities devices will be interrupted first), and then, if the ACs reduction is not sufficient, the algorithm starts to optimize lighting system based on their priorities. Moreover, Fig. 8 demonstrates the detailed amount of reduction of lights and ACs in each zone.
During the optimization process, different ACs are reduced in different periods since various priorities are defined by each user for each period. As it was mentioned, the priorities of ACs and lights are defined by each user for the associated devices through a webpage available for the office users. Therefore, the optimization algorithm will reduce or interrupt the devices with low priorities first. As can be seen in Fig. 8 -(a) , the optimization reduced two ACs in each zone, which are the ones with low priority, in order to attain the total reduction of system. However, there are some periods that AC reduction is not adequate, therefore the optimization will entire to the light reduction as Fig. 8 -(b) shows. Similar to ACs, the lights with low priority is reduced first. Then, the system reduced the high priority lights. Also, there are some periods during optimization, namely period #10, #14, and #19, the AC reduction attains to around 3.4 kW, and therefore, there is no reduction in the lighting system.
Beside the optimization results, the illumination and temperature in each office are important, in order to do not disturb user preferences. Therefore, intensity of illumination as well as temperature of one office in each zone are illustrated by Fig. 9 .
In order to demonstrate the conditions of the illumination and temperature in offices during the DR events, office N102 has been selected from zone 1 to survey, as Fig. 9 -(a) . Also, office N105 in zone 2 and office N107 in zone 3 have been selected as demonstrated in Fig. 9 -(b) and Fig. 9 -(c) respectively. The data shown on Fig. 9 are the real data measured and monitored by SCADA system, which shows the periods that office users start working (around period #7-8), and leave the work (around period #20-21). Also, since the selected day for case study was a winter day, the users utilized the AC for heating the office, and therefore, the temperature increased during the working hours (shown by a line in Fig. 9) . Furthermore, as it is clear in Fig. 9 , by reducing consumption lights in each office, the illumination intensity is not much affected, and probably the user will not feel the reduction. This is true also for the AC reduction, which means the optimization process managed the ACs somehow that the user will be dissatisfaction for temperature variations.
While further control actions are not implemented, the users are able to go to the same webpage where the priorities are defined and change the actual priority of a device by changing the current operation mode. The system automatically selects other device to reduce the consumption. 
Conclusions
In this paper, a real SCADA model implemented for an office building has been proposed in order be able to make decision and participate in demand response events. Several distributed based programmable logic controllers managed the consumption and generation of building. Furthermore, several types of sensors as well as energy meters are used in this SCADA model for monitoring the condition of the building. Moreover, the SCADA model controls lighting system via digital addressable lighting interface, and air conditioners via ethernet interface with MODBUS protocol.
An optimization algorithm for consumption reduction of this office building based on the priorities of components have been proposed. This optimization problem focuses on the air conditioners and lighting system of the implemented SCADA system. The optimization algorithm utilizes several real data from SCADA, and starts to manage the consumption based on these real data. For the case study, distribution network of a university campus, where actually the implemented SCADA model is located, has been used as an aggregator model, in order to provide demand response programs.
The results of case study prove the importance of SCADA system for executing demand response program, and also demonstrate that with small reduction in the lighting system and air conditioners, the customers would be able to participate in demand response program while their preferences are not much affected. 
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